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Abstract 
Sustainability of the projects is the major concern of the developers in the developing countries. It has been evident that 
development activities have high potential to cause damage to the environment. The rapid growth of urbanization has created 
greater demand for vehicles, which results in more fuel consumption. APetrol Filling Station(PFS) is the place catering this fuel 
need. A PFS is an important but meanwhile it is a hazardous facility, so special attention is required for its site selection. 
Existing land suitability approaches doesn’t meet all the environmental consequences. Therefore, this study comes up with the 
concept of Geographical Information System (GIS)-based land suitability analysis using Analytic Hierarchy Process(AHP) as a 
Multi Criteria Decision Making (MCDM) technique. This would be an effective approach for viable site selectionof PFS, which 
will incorporate the entire environmental selection factors essential to be considered in the site selection of PFS in practice. This 
land suitability approach can also be extended for other development projects infuture. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Department of Urban and Infrastructure Engineering, NED University of 
Engineering and Technology. 
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1. Introduction 
There has been a growing concern that development activitiessuch as high speed rail projects, industries [1], 
airports and petrol filling stations[2] have high potential to cause damage to the natural environment. The major 
challenge encountered by the developers today, is to establish a sustainable development approach that protects the 
natural environment at the same time constructing the development projects[3].  
In recent years, the rapid growth in urbanization has produced greater demand of vehicles, which results in more 
fuel consumption[4]. This fuel need is catered by the place named a Petrol Filling Station (PFS). It has been 
evident from different studies including [2, 5-7] that PFS has high potential of hazards to the site and the 
surroundings. The hazards may be environmental, hydrological, geological and socioeconomic [2]. There are 
numerous factors, which lead to such hazards and damage to petrol filling stations like fire hazard evoked by open 
flame [2], static electricity, traffic jam [4], leakage of pipe & underground storage tank resulting contamination of 
groundwater, and air pollution evoked by aromatic compound concentrations[8]. 
A petrol filling station is no doubt an important facility but meanwhile it is a hazardous facility. Hence, site 
selection of such facilities needs special attention during preliminary phase of the project. However, site selection 
is one of the most important aspect of success for any business project. The Environmental Impact Assessment 
(EIA) was introduced as an effective planning and management tool, which assists the viability of the new 
proposed development project environmentally and socioeconomically.It provides a framework for gathering, 
documenting information and provide views regarding the environmental consequences of the activities of any new 
project [9]. Italso involves the examination, analysis and assessment of planned activities to assist and ensure them 
environmentally sound and sustainable for the proposed new development projects. Hence, it can be regarded as an 
effective tool for planning and management of the proposed new development projects [3, 9-11]. The previous site 
suitability approaches could not meet alone the needs of EIA for land suitability analysis in decision making of 
selecting a site and hence, they do not cover all the environmental consequences of the particular development 
activity.This issue forces decision makers to use an efficient and intelligent approach for land suitability analysis of 
petrol filling stations to assist the viable site. 
Geographical Information System (GIS) is a tool, which is successfully used several times to assist the decision 
makers in the selection of sites for any proposed development activity[12-15]. As discussed earlier, finding a viable 
site for petrol filling station is influenced by numerous factors, this problem can be considered as a Spatial Multi 
Criteria Decision Analysis (SMCDA)[4]. 
Thus, this study provides aGIS-based approach for land suitability analysis of PFS using Analytic Hierarchy 
Process (AHP) as a Multi Criteria Decision Making (MCDM) approach for appropriate site selection of petrol 
filling stations. GIS provides an opportunity to identify suitable land parcels by encountering various selection 
factors. This combined GIS and AHP approach is successfully used several times in various different development 
projects such as the land suitability analysis of nuclear waste disposal site [14], site suitability of water harvesting 
reservoir [15], housing site suitability assessment [16], suitable site selection of decentralized treatment plants [17], 
land suitability of public parks[18] and site selection of small gas stations [19].  
In this paper, a GIS-based land suitability model for petrol filling stations is developed by using an integrated 
SMCDA approach. This modelwill be an effective and helping tool for the decision makers and planners to select 
the suitable sitefor petrol filling stations, which will incorporate all the environmental influencing factors. 
2. Methodology 
A case study is conducted in Ipoh, Perak, Malaysia for analyzing the viable land parcels for installing new petrol 
filling stations. The geospatial data has been collected from Mapping & Surveying Department of Ipoh. The 
standards used in practice for the site selection for PFS are collected from City Planning Department, Ipoh. A set of 
questionnaire is also designed to get the stakeholders opinion regarding the site selection of the PFS. 
 
 
 
30   Shabir Hussain Khahro et al. /  Procedia Engineering  77 ( 2014 )  28 – 36 
2.1 Study Area 
Ipoh is a fourth largest city and capital of Perak state of Malaysia. It’s a commercial center in tin mining area. 
The city is situated in the center of the Kinta Valley on the bank of Kinta River and meeting point of Sungai Pari& 
Sungai Pinji Rivers. The total land covered for this case study is 44950 hectares. The population of the city is 
1,143,778 including 702464 of urban population in 2009. This city has bus stations, airport, and playgrounds 
including Sultan Azlan Shah, railway station, roads, highway and others. The case study area is shown in Fig. 1. 
Fig. 1.Case study area 
 
In this study, factors are identified through the detail literature review and discussions with the experts and EIA 
consultants involved in the site selection process of PFS. The identified factors are designed in the form of 
questionnaire to get the experts and stakeholders opinion on this issue. Analytic Hierarchy Process (AHP) is used 
as a MCDM technique. It is a mathematical tool used especially where subjectivity may effect on the overall result 
of the decision making process [15, 16].In AHP process, the objective is structured into different group of elements 
like criteria’s, sub criteria’s and alternatives in a hierarchical manner. Expert Choice (EC) 11.0 is used to analyze 
the qualitative results. It is more useful and widely used multi-criteria decision analysis tool due to its easy 
interface, better accuracy and lesser laborious job[14, 20]. 
For qualitative data, the respondent is requested to rate the pairwise questions using the AHP pairwise 
comparison scale as shown in the following Fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Pairwise comparison scale in Expert Choice Interface 
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The scale varies from moderate to extreme importance level of the factors whereas value one represents the 
equal importance of the factors. The weight and consistency ratio (CR) of criteria’s and sub criteria’sare calculated 
in Expert Choice 11.0. The CR value should be <0.10, this ratio indicates a reasonable level of consistency in the 
pairwise comparisons. If, CR value is 0.10, this ratio indicates an inconsistence judgment. In such condition, 
decision should be revisedin the decision matrix of pairwise comparison. Finally, Weighted Linear Combination 
(WLC) procedure is used as a multi criteria evaluation technique. It is a straightforward linear method for 
computing composite weights. 
S =  Wi Xi 
   
Where S is Suitability, Wi is Weight of factor i, Xi is Criterion score of factor i.  
At the end, to achieve the main objective of the research, the spatial data is used to identify the suitable land 
parcels for installing new petrol filling stations using GIS. GIS is a computer based system to input, store, manage, 
display and analyze the data that can be precisely linked to a geographic interface [21]. It benefits the user to 
examine, what locations are most/less suitable for development. The complete research flow is shown in the Fig. 3.  
 
Fig. 3. Research Flow 
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3. Results & Discussion 
The comparison matrix data is analyzed in Expert Choice 11.0 and weights are calculated. It provides the 
opportunity to analyze the response of numerous respondents at once and it is easy to get the cumulative response 
of the selection factors. Fig. 4 shows the cumulative weights of the selection factors.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Weights of selection factors 
 
The CR value is 0.04, which is showing the significant level of consistency. To generate the final land suitability 
map for PFS, all the data layers are overlaid using the overlay command of the spatial analyst tool of ArcMap. The 
calculated weights of the selection factors are incorporated in the final land suitability map for PFS. It is mandatory 
that the total sum of the weights calculated for the selection factors should be 1. The final land suitability map for 
PFS is shown in the Fig. 5. 
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Fig. 5. Final land suitability map for petrol filling stations 
 
To validate the final land suitability map for PFS, the overlaytechnique is adopted. The data layer of existing 
petrol filling stations is generated by using the coordinates. The coordinates are collected from the online available 
source provided by the Malaysian Geospatial Data Infrastructure (MyGDI). These coordinates are validated by 
using the hand Global Positioning System (GPS). The coordinates of different random existing petrol filling 
stations are collected using garmins hand GPSMAP76CX and finally compared with the coordinates collected from 
MyGDI. 
This new land suitability map shows the details of the existing petrol filling stations, which are already assessed 
and got the approval for construction from the City Planning Department, Ipoh. These petrol filling stations are 
successfully passed the preliminary site suitability analysis test and these are considered to be environmentally safe 
and feasible. The validation of the newly generated land suitability map for PFSis done on the basis of these 
already assessed petrol filling stations. Therefore, the map of existing petrol filling stations is overlaid with the new 
land suitability map as shown in the Fig. 6. 
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Fig. 6. Final land suitability map with existing petrol filling stations 
 
There are total 62 existing petrol filling stations in the study area and the locations can be analyzed graphically 
from the above map. The result shows that there are 26 (42%) petrol filling stations located in the most suitable 
zone, 20 (32%) in the moderately suitable zone, 11 (18%) in the less suitable zone and 5 (8%) in the non suitable 
zone. The percentage change can be clearly marked in the pie chart shown in the Fig. 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7.Land Suitability Index 
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It is observed that there is anadequate percentage of existing petrol filling stations situated in the suitable zone. 
It evidences the performance and control of the City planning Department, Ipoh but still there is lacking in the 
existing land suitability practices. The result shows that there isstill significant number of petrol filling stations 
located in the non suitable and less suitable zones. It is 24% of the total existing petrol filling stations, which are 
located in the non satisfactory zone. This significant number can cause damage to the resources and environment. 
This research work produces GIS-based land suitability (GISLS) model, which will help in determining the suitable 
land parcels for installing new petrol filling stations. This model will help the decision makers and planners to 
assist the proper sites for new developments, which will be environmentally sound.  
4. Conclusion 
The result of this GIS-based land suitability model shows that thereare 74% of the total existing petrol filling 
stations located in the satisfactory zones. However,there are26% of the total existing petrol filling stations, which 
are not located in the satisfactory zones. This should be avoided in the developed Malaysia Plan 2020. Hence, this 
paper highlights the gap in the existing land suitability approachand provides a solution to deal with such land 
suitability problems efficiently in future. This study can be extended for the assessment of suitable land parcels for 
the other development projects like high rise buildings, highway planning, football stadiums, hospitals and so on in 
future. 
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